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COOLING DEVICE FOR DISSIPATING HEAT
FROM AN OBJECT

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a 35 U.S.C. § 371 national stage
application of PCT International Application No. PCT/
SE2018/050083 filed on Feb. 2, 2018, the disclosure and
content of which 1s incorporated by reference herein 1n 1ts
entirety.

TECHNICAL FIELD

The present disclosure relates generally to a cooling
device for dissipating or dispelling heat from an object such
as a radio unit, a digital unit, a processor or other electronic
equipment, which may generate considerable heat when 1n
operation.

BACKGROUND

In certain fields of technology, some electric or electronic
devices and equipment generate substantial amounts of heat
when 1n operation so that 1t 1s necessary to dissipate the
generated heat from them by applying a cooling device such
as a heat sink or the like, 1n order to avoid excessive
temperatures and resulting damage and/or malfunctioning.
Particularly 1n the fields of telecommunication and comput-
ers, many active elements and components are designed
with ever-increasing speed and capacity, which puts even
greater demands on the cooling ability of the cooling devices
that must be applied to those parts. Further, certain elements
such as radio umts, digital units and processors must be
designed with reduced size due to space constraints, and
consequently the cooling device used must also have a very
limited size, at the same time providing suilicient cooling
ability. It 1s thus challenging to provide a cooling device,
also referred to as a heatsink, with small dimensions but very
high cooling ability.

Conventional heatsinks or cooling devices of today are
typically designed with fins protruding from a tlat base plate
that 1s applied to the object to be cooled, such that the fins
conduct heat from the object and the heat 1s then dispelled
from the fins by convection of the surrounding air. The fins
thus increase the surface in contact with air substantially
compared to a flat plate. There are basically two mechanisms
for moving the air across the fins: 1) Natural convection
which 1s caused by heated air tending to move upwards
relative to cooler air which has higher density, and 2) Forced
convection which 1s created by using a fan or the like to
move the air. These two mechanisms require diflerent
designs of a cooling device to provide the best possible
performance, 1.e. cooling ability.

FIGS. 1A-E illustrate some conventional heatsinks com-
prising fins 100 protruding from one side of a base part 102
to which an object to be cooled, not shown, 1s applied on its
opposite side. The fins may be designed as continuous
clongated plates 100A, 100B, 100E, or as pins 100D, or as
plates 100C with openings or gaps. The plate fins 100A-C,
E are typically designed basically with a rectangular form.
The pins 100D are shown as having a cylindrical form,
although they are not restricted to the circular or cylindrical
form and can have any form or shape.

Some problems associated with conventional heatsink
designs of today will now be discussed. If only natural
convection 1s available, 1.e. there 1s no forced movement of
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air, the above-described structures with fins can be designed
in such a way that the best possible cooling effect is
achieved. On the other hand, if forced convection 1s avail-
able the fins should be designed somewhat differently, e.g. 1n
terms of form, pattern and spacing of the plates, 1n order to
achieve the best possible cooling eflect.

Hence, 1n an environment where natural convection alone
and added sources of forced convection such as wind may
occur at different times, 1t 1s necessary to employ a fin design
which 1s a tradeoil between the two above-mentioned opti-
mal designs in order to provide the best overall cooling
ability, which may thus not be optimal for either of the two
convection mechanisms. It 1s also possible to employ a fin
design which 1s optimized for one convection mechanism
while getting a poorer performance for the other convection
mechanism. WO 2015/043183 discloses some examples of
how a cooling device may be adapted for natural convection
using a so-called “chimney effect” and where secondary fins
are mounted to the tips of plate fins. However, it 1s a problem
that in either of the above designs the cooling effect may not
be suflicient or adequate by not providing enough heat

dissipation by natural convection or forced convection, or
both.

SUMMARY

It 15 an object of examples described herein to address at
least some of the problems and 1ssues outlined above. It 1s
possible to achieve this object and others by using a cooling
device as defined in the attached independent claim.

According to one aspect, a cooling device 1s arranged to
dissipate heat from an object. The cooling device comprises
a base part arranged to be 1n contact with the object, and a
plurality of fins attached to and protruding from the base part
in a direction substantially away from the object when 1n
use.

In this cooling device, the fins are arranged 1n a first
configuration adapted for heat dissipation by natural con-
vection of air and 1n a second configuration adapted for heat
dissipation by forced convection of ambient air movement.
Thereby, it 1s an advantage that the cooling device 1s able to
provide a good or even optimal cooling effect both when
forced convection, e¢.g. wind or other arr movement, is
available by utilizing the second configuration, and also
when only natural convection basically occurs by utilizing
the first configuration. The first and second configurations
may be positioned on respective regions on the base part,
which regions may be separated or at least partly overlap-
ping.

The above cooling device may be configured and imple-
mented according to different optional examples to accom-
plish further features and benefits, to be described below.

BRIEF DESCRIPTION OF DRAWINGS

The solution will now be described 1n more detail by
means of some examples and with reference to the accom-
panying drawings, in which:

FIGS. 1A-E illustrate some examples of how a cooling
device could be configured according to the prior art.

FIG. 2 illustrates schematically how a cooling device may
be configured with different configurations of fins adapted
for heat dissipation by natural and forced convection,
according to one example.

FIG. 3 1s a diagram 1illustrating a comparison of how the
temperature ol a cooled object or product varies with
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ambient temperature when a cooling device comprises con-
ventional fins and hybrid fins, respectively.

FIGS. 4A-B 1llustrate perspective and front views of an
example where a base part of a cooling device comprises
separate regions with different respective configurations of
fins.

FIGS. 5A-B illustrate perspective and front views of
another example where a base part of a cooling device
comprises separate regions with different respective con-
figurations of fins.

FIGS. 6 A-B illustrate perspective and front views of yet
another example where a base part of a cooling device
comprises separate regions with different respective con-
figurations of {ins.

FIGS. 7A-C illustrate front views of some further
examples of how different configurations of fins may be
arranged at various regions of the base part.

FIGS. 8A-D illustrate front views of some further
examples of how different configurations of fins adapted for
heat dissipation by natural and forced convection may be
arranged at alternating positions on the base part.

FIGS. 9A-D illustrate an example of how fins may be
developed from a more conventional design with long
continuous plate-like fins to provide different configurations
in the same region on a base part, and how air 1s moving
through the fins at natural and forced convection, respec-
tively.

FIGS. 9E-H illustrate two further examples of how fins
may be developed from a more conventional design, so as to
provide the first and second configurations.

FIGS. 10A-B 1llustrate some further examples of how fins
adapted for heat dissipation by forced convection may be
designed to incorporate covers or shields.

DETAILED DESCRIPTION

Brietly described, a cooling device with fins attached to a
base part 1s provided with enhanced cooling ability when the
base part 1s 1n contact with an object or product to be cooled.
The cooling device may advantageously be used in an
outdoor-like environment where air movement by wind
typically occurs to create forced convection, which 1s uti-
lized to achieve eflicient flow of air across and through the
fins of the cooling device.

In this solution, 1t has been realized that for natural
convection a certain configuration of the fins can be
employed 1n a cooling device to provide an adequate or even
optimal cooling efect, while a diflerent configuration of the
fins can be employed in the same cooling device to likewise
provide an adequate or even optimal cooling eflect when
forced convection 1s available. The cooling device described
herein can thus be seen as a hybrid heatsink which 1s
adapted, or even optimized, for both natural and forced
convection. This way, the occurrence of wind or other air
movement can be utilized to provide forced convection
across the cooling device and an added cooling efiect 1s
obtained “for free”.

An advantage of the examples described herein 1s that the
cooling device 1s able to provide a good or adequate cooling
cllect both when forced convection 1s available, e.g. through
outdoor wind, and when it 1s not available such that only
natural convection basically occurs, e.g. at times with no
wind. This 1s achieved by arranging a plurality of fins 1n a
first configuration adapted for heat dissipation by natural
convection of atr, and also 1n a second configuration adapted
for heat dissipation by forced convection from ambient air
movement. The first and second configurations may be
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4

employed in separate or overlapping regions on a base part,
to be described in more detail below.

The above features and advantages may be accomplished
by a cooling device for dissipating heat from an object, as
schematically illustrated 1n FIG. 2 where the cooling device
200 1s applicable to an object 202 to be cooled, as indicated
by dashed arrows. The object 202 1s only shown as a block
for simplicity although 1t may have any shape or structure
which 1s of no particular relevance to the examples herein.
As mentioned above, the object 202 that needs cooling may
be a heat-generating component or element, such as a radio
umt, a digital unit, a computer, etc., while the examples
herein are not limited to any specific type of object(s).

The cooling device 200 comprises a base part 200A
arranged to be 1n contact with the object, 1n this figure by
applying the backside of the base part 200A 1nto contact with
the object 202. When 1n use, the base part 200A may be more
or less tightly attached to the object 202 so as to enable
conduction of heat from the object 202 to the base part
200A.

The cooling device 200 further comprises a plurality of
fins, not shown in detaill 1n this figure, attached to and
protruding from the base part 200A 1n a direction substan-
tially away from the object 202 when 1n use. The fins are
arranged 1 a first configuration 200B adapted for heat
dissipation by natural convection of air and 1n a second
configuration 200C adapted for heat dissipation by forced
convection of ambient air movement. It 1s thus assumed that
the fins protrude from the base part 200A opposite the object
202 1n different configurations 2008, 200C, which can be
realized in different ways to be descrlbed herein.

The above cooling device 200 1s able to take advantage of
the cooling potential available from fluctuating wind at any
ambient condition, particularly applicable to the outdoor
environment. Experience has shown that the wind magni-
tude and fluctuation/turbulence intensity increases with
increasing temperature. This 1s especially advantageous 1n
hot climates where the wind blows more intensely and
continuously than 1n colder climates. This has the potential
of decreasmg the average temperatures of outdoor units and
thereby increasing the lifetime and reliability of the object
that 1s cooled. Further advantages include the possibility to
decrease the size and weight of the cooling device when
aimed at hotter climates.

In the example of FIG. 1, the fins of the first and second
conﬁguratlons 2008, 200C are positioned at different
regions comprising a central region with the first configu-
ration 200B flanked by two outer regions with the second
configuration 200C. Other examples of how regions with the
first and second configurations can be distributed and posi-
tioned on the base part will be described later below. In this
description, “configuration” refers to a particular design of
the fins with respect to shape, size, spacing, dimensions, etc.,
so that the first and second configurations 200B are adapted,
or even optimized, for heat dissipation by natural and forced
convection, respectively, by having particularly favourable
cooling abilities for the two respective convection types.

FIG. 3 1s a diagram with practical measurements of the
temperature of a cooled object or product, “Product tem-
perature”, at diflerent ambient temperatures, 1.e. the sur-
rounding air temperature, for diflerent fin configurations in
a cooling device. The curves thus indicate the performance
of the cooling device. As a reference, a first dotted curve
illustrates the product/object temperature when a conven-
tional fin design 1s used and no forced convection 1s avail-
able, 1.e. when only natural convection occurs.
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A second continuous curve 1llustrates the product/object
temperature when the conventional fin design 1s used,
referred to as “Conventional Plate fins” in the figure, and
forced convection 1s available 1n addition to the natural
convection, which indicates an improved cooling effect due
to forced convection so that this curve falls increasingly
below the dotted curve with increasing ambient temperature.

A third dashed curve illustrates the product/object tem-
perature when a fin design according to any of the examples
herein 1s used, referred to as “Hybnd fins”, and when both
forced and natural convection occur. In this case, even lower
product temperatures are achieved which implies that the
coohng clfect further improves sigmificantly when wind
driven forced convection constitutes a larger contribution
than natural convection, as compared to the conventional fin
design.

Some examples of how the above-described cooling
device can be immplemented in practice will now be
described, sometimes with reference to the following fig-
ures. In one example, the fins of the second configuration
may be adapted to produce a larger pressure gradient than
the fins of the first configuration when air flows through the
fins of the first and second configurations. The term “pres-
sure gradient” implies spec1ﬁcally a local pressure difference
resulting 1n a “drop” 1n air flow pressure in the direction of
the flow when passing through a section of fins. This
basically means that a greater air pressure 1s needed to
“push™ air through a given fin section of the second con-
figuration than to push air of a similar flow volume through
a section of fins of the first configuration. Consequently,
more air flow caused by forced convection will tend to pass
through the fins of the second configuration at a higher
velocity, than through the fins of the first configuration.
Thereby, the cooling device can be constructed so that air
will pass through the approprniate cooling fins of either
conﬁguratlon for adequate or even optimal cooling effect
under various ambient conditions, both during wind driven
torced convection and natural convection.

In another example, the second configuration may have a
smaller spacing between its fins than the first configuration.
Thereby, the above-described pressure gradient will be
larger for air passing through the fins of the second con-
figuration as compared to the first configuration since
smaller spacing between the fins will require larger forcing
from the air to pass through.

In another example, the fins of at least one of the first and
second configurations are adapted to guide ambient air in a
tilted direction relative to a vertical direction when 1n use. In
this case, another example may be that the orientation of the
fins 1s arranged to substantially coincide with a typical
direction of the ambient air movement when 1n use. In an
outdoor deployment, the air may tend to blow mostly 1n a
certain direction, e.g. due to existing wind currents or the
like, and 1t 1s then possible to arrange plate-like fins so that
channels between the fins will have more or less the same
orientation as the prevailing winds, which 1 turn will
tacilitate the blowing air to enter the channels and create
ellicient cooling by contact with the fins.

In further examples, the fins of the first configuration may
be positioned on a first region of the base part and the fins
of the second configuration may be positioned on a second
region of the base part. In this case, another example may be
that the second region 1s separate from the first region on the
base part. In this case 1t may be favourable to place the
cooling device 1n a certain position on the object depending
on where the heat 1s generated locally. Some alternatives of
how the first and second regions could be arranged sepa-
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6

rately on the base part will now be described with reference
to the following figures where the first region(s) 1s indicated
by a dotted line and the second region(s) 1s indicated by a
dashed line.

In one alternative, the first region may be situated at a
substantially central position on the base part and the second
region may be situated at opposite sides of the first region.
FIGS. 4A-B illustrate how this alternative may be realized
where a central region 400 with the first configuration of fins
1s flanked by two outer regions 402 with the second con-
figuration, as similar to the positioning of configurations
200B, 200C shown in FIG. 2. In this case, the fins are
implemented as plates with a vertical orientation relative to
the base part. Another way of realizing this alternative 1s
illustrated 1n FIGS. SA-B where a central region 500 with
the first configuration of fins 1s likewise flanked by two outer
regions 302 with the second configuration, with the differ-
ence that the fins are implemented as plates with a slanted or
tilted orientation relative to the base part.

In another alternative, the second region may be situated
at a substantially central position on the base part and the
first region 1s situated at opposite sides of the second region.
FIGS. 6A-B illustrate how this alternative may be realized
where a central region 602 with the second configuration of
fins 1s flanked and more or less surrounded by an outer
region 600 with the first configuration where plate-like fins
are also curved so as to direct air from the sides towards the
middle. Thereby, air entering from either side with forced
convection through the shown lower part of the outer region
600, will be guided by the fins of the first configuration
towards and through the central region 602 with the second
configuration where the dissipation of heat 1s favourable or
even optimized for forced convection. Further, the upper
part of the outer region 600 have openings or gaps 600A
which allow air of natural convection guided towards the
middle by the lower part to pass through the outer region 600
rather than through the central region 602.

FIGS. 7TA-C illustrate some further examples of how a
central region 700 with the first configuration of fins may be
flanked by outer regions 702 with the second configuration.

In another alternative, the second region may be distrib-
uted at multiple positions on the base part and the first region
1s distributed between the positions of the second region.
FIGS. 8A-D illustrate some none-limiting examples of how
this alternative may be realized where the above-described
regions are marked only on the right side of the figures while
it should be understood that the left side of the figures have
corresponding regions, not shown.

In FIG. 8A, both the first regions 800A and the second
regions 802A extend 1n a parallel manner essentially along
the entire base part. In FIG. 8B, the second regions 802B
extend only along a limited length of the base part while the
first regions 8008 extend essentially along the entire base
part and also below the second regions 802B as shown. In
FIG. 8C, multiple second regions 802C extend in a parallel
manner along different lengths of the base part while the first
regions 800C extend essentially along the remaining lengths
of the base part and essentially below the second regions
802C as shown. In FIG. 8D, multiple second regions 802D
extend 1n a parallel manner but at an angle to the base part
while the first regions 800D extend essentially between the
second regions 802D.

In the above-described alternatives, the second region was
separate from the first region on the base part. In another
example, the second region may at least partly overlap the
first region on the base part. Thereby, the cooling can be
made etlicient for both natural and forced convection across
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the entire base plate so that 1t 1s not necessary to place the
cooling device 1n a certain position depending on where the
heat 1s generated locally.

In another example, when the second region overlaps the
first region, the fins of the first configuration may have one
characteristic and the fins of the second configuration may
have another characteristic across the same area of the base
part. FIG. 9A illustrates a more conventional fin structure of
a cooling device, and FIG. 9B illustrates how this fin
structure has been modified to realize the latter example with
overlapping first and second regions.

Another example, as shown 1n FIG. 9B, may be that the
fins are arranged as parallel plates 900 and the characteristic
of the fins of the first configuration 1s achieved by openings
902 1n the plates to allow or improve natural convection of
alr, while the characteristic of the fins of the second con-
figuration 1s achieved by limited spacing between the plates
900 for forced convection of air. FIG. 9C 1illustrates how air
would tlow through the fin structure of FIG. 9B when only
natural convection occurs where the air passes largely
through the gaps. FIG. 9D illustrates how air would flow
through the fin structure of F1G. 9B when forced convection
1s available, e.g. by wind blowing from the left side of the
figure, such that the air passes largely through the plates and
less through the gaps.

FIGS. 9E-F and 9G-H, respectively, illustrate two further
examples of how fins may be developed from a more
conventional design by introducing openings in elongated
plates, so as to provide the first and second configurations in
a similar manner as described above for FIGS. 9A-D.

In another example, the fins of at least one of the first and
second configurations may have an elongated form. In this
case, another example may be that the elongated form of at
least some of the fins 1s interrupted by one or more spaces
or gaps, €.g. as shown mn FIGS. 7A-C. In yet another
example, at least some of the fins with elongated form may
be at least partly curved, e.g. as shown 1n FIGS. 6 A-B 1n the
lower part of region 600 having the first configuration.

While the solution has been described with reference to
specific exemplifying embodiments, the description 1s gen-
crally only intended to illustrate the mventive concept and
should not be taken as limiting the scope of the solution. For
example, the terms “cooling device”, “heat sink™, “configu-
ration”, “natural convection” and “forced convection™ have
been used throughout this disclosure, although any other
corresponding entities, functions, and/or parameters could
also be used having the features and characteristics

described here. The solution 1s defined by the appended
claims.
The 1nvention claimed 1s:
1. A cooling device for dissipating heat from an object, the
cooling device comprising:
a single base part arranged to be 1n contact with the object,
and
a plurality of parallel plates parallel to each other and
attached to and protruding from the single base part 1n
a direction substantially away from the object when 1n
use,
wherein the plurality of parallel plates are tilted to guide
flow from incoming ambient air movement in a tilted
direction relative to a vertical direction when the cool-
ing device 1s 1n use,
wherein a limited spacing 1s formed between two adjacent
parallel plates among the plurality of parallel plates,
wherein at least some of the plurality of parallel plates
cach comprises a plurality of separated fins extending
in alignment with each other and at least one opening
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formed between and separating two adjacent separated
fins among the plurality of separated fins,

wherein a plurality of corresponding openings of the at

least some of the plurality of parallel plates are 1n
alignment with each other 1n a direction substantially
parallel to the wvertical direction when the cooling
device 1s 1n use,

wherein the plurality of separated fins are arranged par-

tially 1n a first configuration adapted for heat dissipa-
tion by natural convection due to still ambient air
conditions and partially mn a second configuration
adapted for heat dissipation by force convection due to
ambient air movement conditions, and

wherein the first configuration comprises rows of the

separated fins and the opemings for heat dissipation by
natural convection due to still ambient air conditions
and the second configuration comprises columns of the
separated fins and the limited spacing between two
adjacent parallel plates for heat dissipation by forced
convection due to ambient air movement conditions.

2. The cooling device according to claim 1, wherein the
fins of the second configuration are adapted to produce a
larger pressure gradient than the fins of the first configura-
tion when air flows through the fins of the first and second
configurations due to ambient air movement.

3. The cooling device according to claim 1, wherein the
second configuration has a smaller spacing between its fins
than the first configuration.

4. The cooling device according to claim 1, wherein the
fins of at least one of the first and second configurations are
tilted to gluide flow from 1ncoming ambient air movement in
a tilted direction relative to a vertical direction when 1n use.

5. The cooling device according to claim 4, wherein the
orientation of the fins 1s arranged to substantially coincide
with a typical direction of the ambient air movement when
in use by arranging the fins 1n a tilted or vertical orientation
so that channels between the fins will have about the same
orientation as the incoming ambient air.

6. The cooling device according to claim 1, wherein the
fins of the first configuration are positioned on a first region
ol the base part and the fins of the second configuration are
positioned on a second region of the base part.

7. The cooling device according to claim 6, wherein the
second region 1s separate from the first region on the base
part.

8. The cooling device according to claim 7, wherein the
second region 1s situated at a substantially central position
on the base part and the first region 1s situated at opposite
sides of the second region.

9. The cooling device according to claim 6, wherein the
second region at least partly overlaps the first region on the
base part.

10. The cooling device according to claim 1, wherein the
fins of the first configuration have one characteristic and the
fins of the second configuration have another characteristic
across the same area of the base part.

11. The cooling device according to claim 1, wherein
characteristic of the fins of the first configuration 1s achieved
by the openings in the plates to facilitate natural convection
of air, while characteristic of the fins of the second configu-
ration 1s achieved by the limited spacing between the plates
for forced convection of arr.

12. The cooling device according to claim 1, wherein the
fins of at least one of the first and second configurations have
an elongated form.

13. The cooling device according to claim 1, wherein each
of the plurality of parallel plates has an elongated form, and
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wherein at least some of the plurality of parallel plates each
comprises a plurality of openings each formed between and

separating two adjacent separated fins among the plurality of
separated fins.

10



	Front Page
	Drawings
	Specification
	Claims

